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INTRODUCTION
The problem presented in  th is  th es is  i s  that o f  the cost 
and economic fe a tu re s  o f reducing grade on an e x is t in g  r a ilr o a d . 
The data fu rn ished con s is ts  o f the p r o f i le  and alignment maps, the 
c la ss  o f  engine fo r  which the grades are to he adjusted and the 
tonnage sheets fo r  a period  o f  one y ea r . A lso the proposed ru l­
ing grade was decided upon and some data in  regard to cost o f  la ­
bor and m a te r ia ls . That p o rtion  o f  the road considered i s  twenty
N
fou r and s ix  tenths m iles long. The maximum e x is t in g  grade is  2 
percen t and i t  i s  proposed to reduce th is  to  a s p e c if ic  ru lin g  
grade' o f  0,75 percen t; that i s  a grade having a r is e  o f  0.75 fe e t  
in  100 fe e t  or 19.35 fe e t  in  one m ile . The 801 c la ss  engine o f
the I .  C. R. R. has been used as a bas is  to  v/ork upon. I t  has 
the fo llo w in g  dimensions and w eigh ts:
Weight on d r iv e rs 181000 pounds.
Weight on engine truck 22500 poimds.
T o ta l weight 203500 pounds.
T o ta l weight o f loaded tender 145000 pounds.
T o ta l w eight o f engine and tender 348500 pounds.
Heating surface o f f ir e -b o x 177.0 sq. f t .
Heating surface o f f lu e s 2769.3 sq. f t .
T o ta l h eating  surface 2946.3 sq. f t .
Steam pressure 200 lb .  per
Diameter o f  d r iv e rs 63 inches.
Grate area. 50 sq. f t .
2With these data i t  i s  poss ib le  to determine what grades 
must be reduced, to  fin d  the cost o f the reduction  and to compute 
the saying e f fe c t e d .  The f i r s t  th ing to be done w i l l  be to de­
term ine at what p o in ts  i t  w i l l  be necessary to reduce the grade, 
then to e s ta b lis h  a new grade to f u l f i l l  the con d ition  that there 
sh a ll be no v ir tu a l  grade g rea te r  than 0.75 percen t, to compute 
the cost o f the reduction  and f in a l l y  to compute the saying e f ­
fe c te d , i f  any. Conclusions may then be drawn as to whether i t  
would or would not be economical to make the change.
3DISCUSSION.
In  order to  determine what grades to reduce i t  w i l l  f i r s t  
"be necessary to a sce rta in  the performance o f  the engine upon which 
the ca lcu la tio n s  are based. Dor a l l  speeds above tw elve m iles  an 
hour the performance is .b ased  upon b o i le r  t r a c t iv e  e f f o r t .  Th is 
may be computed fo r  any engine and fo r  any speed by the use o f  
the form ula,
I  » ue h  
1 s
in  which i s  the b o i le r  t r a c t iv e  e f f o r t  in  pounds,
f~j the t o t a l  heating surface in  square fe e t ,  and 
v5 the speed in  m iles  per hour.
Table I  shows the b o i le r  t r a c t iv e  e f f o r t  fo r  th is  engine fo r  
speeds from tw elve to th ir t y  nine and one h a l f  m iles  an hour.
The fo rc e s  aga inst which the engine works are the t ra in  
res is ta n ce , con s is tin g  o f f r i c t io n  and energy lo s t  in  ro ta t in g  
p a rts , and grade res is ta n ce . Train  res is tan ce  fo r  d i f fe r e n t  
speeds may be computed by the use o f  the form ula,
R t * 3 . 5 - t O . O O t t & + 0 t f
in  which t ra in  res is tan ce  in  pounds per ton o f  t r a in .
5  the speed in  m iles  per hour.
Table I I I  shows the t ra in  res is tan ces  fo r  speeds from 0 to 3S.5 
m iles  per hour.
The grade res is tan ce  fo r  any grade may be computed by the 
use o f  the form ula,
fV-ZOXG
in  which R j i s  the grade res is tan ce  in  pounds per ton o f 
tra in  and
G the ra te  percent o f the grad e .
4For a 2 percent grade the res is tan ce  is  40 pounds per ton o f t ra in  
and fo r  a 0.75 percen t grade the res is tan ce  is  15 pounds per ton 
o f t r a in .
Then the gross load that the 801 c la ss  engine can haul on 
a 2 percent grade at the ra te  o f 12 m iles an hour is
Tk 35300
Rt i-Rs 1 4-38140
and fo r  a 0.75 percent grade i t  would "be
SO! tons,
184-7 tons.
These a re , then, the maximum loads under the two con d ition s , since 
these are the maximum grades o f the two con d ition s  and since 12 
m iles an hour i s  the minimum speed forw hich  the performance o f 
the engine is  based on b o i le r  t r a c t iv e  e f f o r t .
A t ra in  going at any ra te  o f speed has by v ir tu e  o f  i t s
v e lo c i t y  a c e r ta in  amount o f  k in e t ic  energy which may m a te r ia lly  
a s s is t  i t  in  clim bing a grade. The amount o f energy depends upon 
the speed', th e re fo re , i f  a grade somewhat g rea te r  than 0.75 per 
cent can be approached at a h igh  speed i t  may be p o ss ib le  to 'op­
era te  i t  as a v ir tu a l  grade o f  0.75 percen t or le s s , and in  that 
case would not need to be reduced. A cco rd in g ly , a l l  grades a c t­
u a lly  g rea te r  than 0.75 percent should be in v e s t ig a ted  to  see i f  
the v ir tu a l  grade i s  not equal to or le s s  than 0.75 percen t. The 
v ir tu a l  grade fo r  any speed may be computed by the use o f  the fo r -
in  which V  V ir tu a l grade,
~Jt the b o i le r  t r a c t iv e  e f f o r t ,  
W the maximum load and
the tra in  res is ta n ce .
Table VI shows the v ir tu a l  grade fo r  speeds from 0 to 39.5 m iles
5
per hour. The maximum safe speed o f approach w i l l  be taken at 
30 m iles  an hour. The fo llo w in g  example shows the method fo llow ed  
in  in v e s t ig a t in g  grades g rea te r  than 0.75 percen t.
Prom s ta tion  1177 to s ta tion  1198 the e x is t in g  grade is  
0.75 percen t and from s ta tion  1198 to s ta tion  1214 the grad„e i s
1.0 percen t. At the fo o t  o f the 0.75 percen t grade i s  a sag and 
at the top o f  the 1.0 percent grade the grade becomes 0 .0 . The 
con d ition  i s  as shown in  the f ig u r e .
Prom the con d ition  o f  the p r o f i le  i t  i s  sa fe to asstime a speed o f  
30 m iles an hour at s ta tio n  1177. Prom a tab le  o f  v e lo c i t y  heads 
we f in d  that the v e lo c i t y  head, hv > fo r  & speed o f 30 m iles  an 
hour i s  31.5 f t .  Then from Table IV , the v ir tu a l  grade fo r  a 
speed o f  30 m iles an hour i s  -0.0355. C a ll th is  hj. Then h, 
the d if fe re n c e  between the actu a l and the v ir tu a l  grades, i s  0.75- 
(-0 .0 3 5 5 )= 0.7855 percen t and the r is e  on an in te r v a l o f 500 f t .  is
5.00 X 0.7855 - 3.9275 f t .  The d if fe re n c e  between th is  and the 
head due to  v e lo c i t y  i s  27.5725 ft .., and f in a l l y  from the tab le  o f  
v e lo c i t y  heads we f in d  that the speed corresponding to. a head o f 
27.5725 f t .  i s  28 m iles  an hour. In  other words the speed has 
been reduced from 30 to 28 m iles an hour in  t ra v e lin g  500 f t .  up 
the 0.75 percen t grade. The fo llo w in g  i s  a convenient form fo r  
th is  computation.
Inter* vat = SOD ft. 6,-30.
A. • 0.7S
5 -515
h- 0.7855X5.00 - 5.3Z7S




h - 0.74IS -3.0075
Interval 500ft Ss-26.5
ht • 0.73 
h,- 0.0703
h,-24.5650
h- 0.6705X500 - 3.3




h- 0.6/55 K6.00 - 5.6060




h- 0.7980 X500 - 3.3900
In fa tv at --500ft 6,. IS.6 
h.- /. 00 
h,- 0.3/35
k-13.4845
h- 0.064-5 X - 3.4225




h * 0.5725 7500 -- 3.4550
dg- /J. 8 miles pet hout. 6.6070
7Since th is  i s  the speed at the top o f  the grade i t  i s  ev iden t that 
no reduction  is  necessary. Th is method g iv e s  only approximate 
re s u lts  hut since they are on the safe s id e , th e ir  use is  perm iss- 
ah le . C loser r e s u lts  can he obtained by talcing sm aller in te r v a ls  
A ft e r  in v e s t ig a t in g  the en tire  l in e  in  th is  way, i t  was 
found that on ly in  eight p laces would the grades requ ire  reduction  
They are the 2 percen t grade between sta . 1071 + 50 and sta . 1088,
the 2 percent grade between sta 274 and sta . 316, the 1.5 percent 
grade between sta . 316 and sta . 321, the 1.2 percent grade between 
sta . 321 and sta . 341, the 1.4 percent grade between sta . 341 and 
sta . 351, the 2 percent grade between sta . 234 and sta . 260, the 
1 percen t grade between sta . 228 and 234 and the 0.74 percent 
grade between sta,. 220 and sta . 228. In  reducing these grades, 
some grades adjacent were changed to some ex ten t. A l l  the chang© 
are shown on the p r o f i le s  in  red  ink . I t  was a lso  found neces­
sary to  ra is e  the b ridge at Edwards R iv e r  which con s is ted  o f a 
57 bent p i le  t r e s t l e ,  having an average he igh t o f 22 f t .  A deck 
p la te  s te e l g ir d e r  v iadu ct, having an average he igh t o f 65 f t . ,  was 
put in  to take i t s  p la ce . The 1 percent grade between sta . 1144 
and sta . 1151 and the 1 percent grade between sta . 1118 and sta . 
1131 i t  was found could be operated as v ir tu a l  grades o f  le s s  
than 0.75 percen t and th e re fo re  id  not need redu ction .
The next th ing  to be done was to  e s ta b lis h  a new grade 
lin e  such that the v ir tu a l  grade should not be g rea te r  than 0.75 
percen t. In  two cases i t  was found necessary to put in  actu a l 
grades o f 0.75 percent; and in  the th ird  case from sta . 213 to sta . 
240, i t  was found that a grade o f 108 percent would g iv e  a v ir tu a l 
grade o f le s s  than 0.75 percen t. The new grade l in e s  were put
8in  in  such a manner as to "balance cut and f i l l  as nearly  as p oss i­
b le ,  but on ly  so fa r  as was consistan t w ith  economic constru ction .
A fterh av in g  es tab lish ed  the new grade l in e s  and computed 
the earth  work, an estim ate o f  the cost was made and a lso an e s t i ­
mate o f the saT ing  e f fe c t e d .  These estim ates are as fo llo w s : 
Estim ate o f Cost o f Reduction.
Grading:-
Main track  397534 cu. yds. at 45/ per cu .yd. $178890.57 
B r id g e s :-
Reel: p la te  s te e l  g ird e r  v iadu ct, 1970 f t .  at 
$89.45 per f t .
21 concrete p ie rs  and abutments at $8380 each 
30 len gth  o f 40 in . C. I .  P . at $26.50 per ton 





Main track : -
18300 lin e a r  f t .  new track  sta . 213 to sta . 396 
8000 lin e a r  f t .  new track  .sta. 1027 to  sta . 1107 
T o ta l 26300 f t .  at $1,375 35154.00
Main track  b a l la s t :-
30456 cu. yds. a t 45/ per cu. yd.
Road c ro s s in g s :-
5 pub lic  grade crossings a t $50.00 each 
T e leg rap h :-







$649452.12T o ta l
9Estimate o f  Saving E ffe c te d . 
Tra in  m iles  e lim in a te d :-
88707.6 at 500'’*per t ra in  m ile $44553.80
Equipment r e le a s e d :-
2 engines at $15000.00 each 30000.00
2 cabooses at $800 each 1600.00
D eprec ia tion  on 2 engines at 10^ 3000.00
D eprec ia tion  on 2 cabooses at 10/o 160.00
Bridge s : -
Maintenance o f  t r e s t le
1103 f t .  at 20j/ per f t .  per y r . 220.60
$79334.40
At 5fa th is  would "be the in te re s t  on $1586688.00, and the 
in te r e s t  on the paving o f  renewal o f the t r e s t le  would be $20000.00 
The t o t a l  would then be $1606688.00.
■k- This fig u re  was taken from the gen era l experience 
o f the r a i l  roads o f the same lo c a l i t y  as the one 
under con s id era tion .
10
C01TCLUSI0H.
B y  a comparison o f the above f ig u r e s , i t  i s  seen that i t  
would be economical to  make the reductions necessary to  make 0.75 
percent the ru lin g  grade on th is  d iv is io n . A lso aside from the 
increased  cost o f opera tion , heavy grades are bothersone and unde­
s ir a b le , and i f  as in  th is  case, they can be reduced and some 
saving e f fe c t e d ,  i t  i s  very  advisab le  that the a lte ra t io n  be made.
11
TABLE I .
B o ile r  T ra c tiy e  E f fo r t  in  Pounds.





1.0 35,830 20,470 13 ,880
1.5 20,000 13,660
2.o 19,540 13,440
£.5 34,400 19,110 13,230
3.0 33,080 18,700 13,030
3.5 31,860 18,300 12,840
4.0 30,710 17,910 12,650
to♦ 29,660 17,560 12,470
5.0 28,680 17,200 12,290
5.5 27,740 16,870 12,110
6.0 26,880 16,550 11,950
6.5 26,070 16,230 11,790 :
7.0 25,300 15,930 11,630
7.5 24,590 15,650 11,480
8.0 23,890 15,360 11,380
IQ•00 23,240 15,090 11,180
9.0 22,630 14,830 : 11,030
9.5 22,060 14,590 : 10,890
TABLE I I
B o ile r  T ra c tive  E f fo r t  in  Pounds 
per Ton o f Maximum Load.





1.0 19.39 11.09 7.51
1.5 10.83 7.39
2 .0 10.58 7.28
2.5 18.62 10.35 7.16
3.0 17.90 10.13 7.06
3.5 17.25 9.91 6.95
4.0 16.62 9.70 6.85
4.5 16.05 9.51 6.75
5.0 15.53 9.32 6.65
5.50 15.01 9.13 6.56
6 .0 14.56 8.96 6.47
6.5 14.12 8.79 o . 08
7.0 13.69 8.63 6.30
7.5 13.31 ; 8.47 6 . 2 1
8 .0 12.93 ; 8.32 6.13
8.5 12.59 8.16 6.05
9.0 12.26 8.03 5.98
9.5 11.94 ; 7.89 5.89
TABLE I I I .


























10 4.18 4.23 4.28 4.33 4.38 4.45 4.51 4.58 4.65 4.73
20 5.74 5.84 5.96 6.07 6.19 6.31 6.44 6.58 6.70 6.82





5 :5 l/2 6 6 l/2 7 7 l/2 8 8 l/2 9 9 l/2:
0 4.04: 4.03
4.08: 4.05 4.03 4.01 4.02 4.03 4.05 4.08 4.11 1.14:
10 4.80: 4.88 4.96 5.05 5.14 5.23 5.32 5.42 5.53 5.63:
20 6.96: 7.10 7.24 7.38 7.53 7.68 7.83 7.99 8.15 8.30:
30 10.25:10.44 10.64 10.84 11.04 11.24 11.45 11.66 11.87 12.09:
14
TABLE IY .
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